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ABSTRACT

Det ai |l ed design of NuM w de band neutrino beam requires cal cu-
lating the size of deviations of various beam el enent paraneters
fromnom nal that can be allowed w thout significantly affecting
the result of the neutrino energy spectrumoscillation test.

Early know edge is vital if any of these tolerances can not be

nmet with standard techniques. Mdifications were nade to the PBEAM
nonte carlo programto efficiently cal culate the nuon neutrino
spectrumin the far detector (735 kn) and obtain 0.5%fl ux preci-
sion for one GeV energy bins in an acceptabl e amount of conputer
tinme. Results show that horn magnetic field nust be constant

(t hroughout each proton beamspill and fromspill to spill) to 0.4%
or an accurate nonitoring systemis required. Gscillations should
be | ooked for in the FAR' NEAR ratio, rather than in the far

det ect or energy spectrum only.

1. Introduction

The goal of this study is to calculate the effect of translations and
rotations of the three focussing horns of the NuM w de band neutrino beam
t he proton beam and target (noving together as a unit), and proton beam
(moving relative to the target) as well as variations of the horn nmagnetic
field and proton beamtransverse width on the neutrino energy spectra at the
near and far detectors. The accuracy of the M NOS neutrino energy spectrum
oscillation test is assumed to be degraded unl ess the nuon neutrino flux
energy spectrumin far detector, assuming no oscillations, is known to 2% for
one GeV bins. Other evaluation criteria are clearly possible, such as further
restricting the range of far detector neutrino energies used in oscillation
tests or weighting the tol erance eval uation by the expected event rate as a
function of energy, but these will not be considered further here. The
di spl acement of a beam el enent paraneter which gives a 2% flux change in the
wor st one GeV neutrino energy bin, in the range 1 to 80 GV, is givenin this
not e.



The nonte carlo program PBEAM [1], witten by Dr. Noel Stanton to
cal cul ate the neutrino beam for the COSMOS experinment, was selected for this
study. The original version of this programdistributes primary beam protons
in the production target and interacts them vyielding secondary pi and K
nmesons distributed according to published experinental data [2,3,4]. HBOX [ 5]
is used in the generator of these secondaries. Each neson is stepped through
the magnetic fields of the three focussing horns and propagated through drift
spaces between the horns and through the decay pipe until it is lost in the
wal I s of the target enclosure or decay pipe, reaches the dunp and is lost, or
decays to yield a neutrino. Interactions of these nesons in the production
target and interactions and nultiple scattering in the horns are included. At
t he decay point, one specific neutrino is throwm and propagated downstream |If
it hits the detector it is recorded in HBOOK histogranms or an NTUPLE
otherwise it is discarded. Neutrinos from nuon decay or from scraping (any
hadron interaction other than the primary beamproton in the target) are not
i ncl uded, but these have a only a small effect on the nuon neutrino spectrum
above a few GeV.

Ten million primary protons can be calculated in a two hour run on a
DEC Al pha (3000 Model 400), but there are a nmillion tines this nunber of
protons in each expected pulse fromthe main injector. There is al nost no
chance a single neutrino will hit the MNGCS far detector (3.5 mradius at 735
km) in a typical run, let alone enough to give better than 2% statistics in
each one GeV energy bin between 1 and 80 GeV. The nodifications needed for
PBEAM to cal cul ate alignnment tolerances within a practical time are described
in the next section. | call the nodified versi on PBEAM WWMC

The followi ng two sections describe how alignnent tol erances are
obt ai ned by anal yzi ng the nuon neutrino flux energy spectra calculated with
PBEAM WMC. Two detector positions are considered; the MNCS Far detector, at
735 km and the presently planned position for the M NOCS Near detector, 500 m
beyond the end of the decay pipe (1300 mfromthe production target). These
are foll owed by conclusions fromthese results.

Exanpl es of the general and horn input files are given in the
appendi ces. These serve both as a detailed record of the actual neutrino beam
line used in the calculations and as a guide for anyone wi shing to run the
PBEAM WMC pr ogr am



2. Modifications to PBEAM

One way to increase the nunber of nonte carlo neutrinos at the far
detector is to count all that are within a few hundred neters of the beam
axis, not just the actual 3.5 mdetector radius. However, this wll induce
errors in the calculated neutrino energy spectrum see section 4. | have used
t he wei ghted nmonte carlo schene devel oped by Rick MIburn for MNOS [6]. This
uses the standard PBEAM up to the meson (pi or K) decay, then

St andard Wei ghted Monte Carlo
Throw one neutrino at the decay Cal cul ate the probability a neutrino
point and see if it will go fromthis decay point will go through
t hrough detector. t he detector
If yes, add it to the flux, if Add all neutrinos to the fl ux,
not discard it. wei ghted by this probability.

By maki ng use of neutrinos fromevery neson decay, the weighted nonte carlo is
much nore effective for the M NOS far detector

Wth this weighting scheme, the neutrino flux is calculated at a point
in the detector (in the note, at r=0 in the near detector). This is good for
the far detector and studying variations with position in the near detector
but requires further calculation to find the average flux over a finite area
i n near detector.

PBEAM faithfully nodel s the geonetry and physics of a neutrino beam
so it produces nmany | ow nonmentum hadrons, which hit the beam encl osure walls
bef ore decayi ng or decay to wi de angle | ow energy neutrinos with a | ow
probability of reaching the detector, see figures la and b, and few high
nmonent um hadrons whi ch can decay to high energy neutrinos. Since it would
require a two mllion hour conmputer run to cal cul ate the sanme nunber of
primary protons on target that are expected in just one beam pul se fromthe Min
I njector, PBEAM can not duplicate the nunber of neutrinos in the actual beam
and sonme departure fromthe "actual beant nodel is unavoidable.

Since | am al ready weighting neutrinos for MIburn's scheme, | go
further and nodify the PBEAM hadron generator to produce fewer |ow nmonentum
hadrons (but conpensated by assigning a higher weight to each one) and nore
hi gh nonent um hadrons (each with a | ower weight). For exanple, instead of
tracking one hundred 1 GeV pi+' s through the beamline, | discard 99 of them
and assign a weight of 100 to the remaining one, saving nost of the
conputer time. Since the flux in a neutrino energy bin is the sumof the
wei ghts, it will be unchanged by this procedure (provided the weighting is done
correctly). The nunber of events in the bin is adjusted to get the desired
statical error for the flux calculation. | call this inportance weighting.



In PBEAM the nunber of hadrons generated per |ongitudi nal nmonmentum
(Plong) bin has been proportional to the published cross sections [4]. For
i mportance wei ghting, the nunber per bin is made constant (for bins bel ow 90
GeV for the data in this note), and the Plong cross section is used as the
wei ght for each bin. This is done separately for each of the 6 types of
nmesons. Perhaps another 20-30% of the conputer tine could be saved by nore
detail ed tuning of the Plong weights, but this has not been done to date.

As an option, the overall nunber of any type of meson (for exanple K+)
generated can be increased and the weight reduced to conpensate. Another new
option is to only generate decay channels which yield one type of neutrino
(rmuon neutrinos in this note) and correct the flux by weighting.

For all these changes, the PBEAM event generator was nodified to
produce only nesons with the desired paraneters, and weighting used to
conpensate for the ungenerated mesons. The result is |ess conmputer tine used
generating and then discarding tracks and nore neutrinos in the detectors for
the sane | ength conputer run

PBEAM was accounting for secondary meson interactions in the target or
horn material by calculating the interaction probability and then using it to
random y discard tracks. In order not to waste the conputer tine used to
generate and track the nmeson, all are now retained and the probability of not
interacting is used as a weight to multiply the other weights for the neson.

The result of these changes can be seen in figure 2a, which has over
5 tinmes as many hadron decays as figure la, but was produced in the same
| ength computer run. Figure 2b shows the ratio of decays (after inportance
wei ghting/before) for the two runs; note there are nore events in the after
run for all energies above 6 GeV. In the before case, nmany | ow energy hadrons
were lost in the walls of the target encl osure before decaying and do not
appear in figure la.

The percentage flux errors before and after inportant weighting for
equal length conputer runs are shown in figures 3a and b, note the factor of
10 change in the vertical scale. Figure 3c is the ratio of these two and gives
the factor of inprovenent in the flux error. The error has been reduced for
all energies above 6 GeV, usually by a factor of 10 or nore, and is about 0.5%
between 4 and 80 GeV. I|nportance weighting has effectively increased the
t hr oughput of PBEAM by al nbst two orders of mnagnitude.

O her changes to PBEAM were nmade for the segnented production target
and to allow for horn and beam + target translations and rotations. Hadrons
with Plong less than 0.5 GeV are cut. The weights are scaled to produce the
neutrino flux (per nr*2) from10 mllion beam protons. To keep track of the
many runs required, a few descriptive lines are automatically appended to a
summary file at the end of each run



M | burn recomended PBEAM track the hadrons to the decay point and
then generate a NTUPLE. The wei ghting woul d then be applied with a fortran
subroutine using PAW[7] and would not require another PBEAM run for a
di fferent detector position. | have found this not to be practical for this
al i gnment study. Since the NTUPLE froma 130 minute DEC Al pha run is about
750, 000 bl ocks, or 400 negabytes long, and nany are needed for this alignnent
study, finding space to store themis difficult. The version of PAWon the
Al phas here ran fortran subroutines very inefficiently; over an hour would be
needed to process a full NTUPLE for a single detector position. | have chosen
not to make the NTUPLEs (they can still be nmade as an option) and added
production of the histograns needed for the alignnent study to PBEAM WWC.

The standard PBEAM WMC run with 4 detector positions (250, 500,
1000 m past the end of the decay pipe, and 735 km) takes 130 minutes on a
DEC Al pha (3000 Model 400) running VM5, and each additional detector position
adds about 1 minute. Arun is needed for each value of the shift of each beam
line el ement paraneter.

3. Analysis of the Mion Neutrino Energy Spectra

PBEAM WMC is first run with all beamelenents at their noninal val ues
and positions ("onaxis"). This produces reference nmuon neutrino flux energy
spectra at both the far and near detectors; these are stored by HBOX as
hi st ograns which can later be read directly and anal yzed by PAW[7]. W wi sh
to find how big a change to one of the beam el ement paraneters will produce a
2% flux change in the nost affected one GeV bin in these spectra.

Next we select a parameter to investigate and guess an anpunt to vary
it fromits nominal value. For this exanple, we nove both the upstream and
downstream ends of the first focussing horn 4 nmin the sane direction
transverse to the beamaxis ("Horn 1 X shift of 4 nmi), and use PBEAM WMC to
calcul ate the resulting spectra at both detectors.

PAWis used to read the file containing these two "displ aced" spectra
as histograms and the simlar file with the onaxis data, and to further
anal yze these data. The displaced flux spectrumat the far detector is shown as
the data points with errors in figure 4, along with the correspondi ng onaxis
flux which is drawn as the Iine histogram The |argest fractional differences
bet ween the two spectra occur at about 30 Gev, a region where the flux is
decreasing rapidly with neutrino energy.

Since it is difficult to nake quantitative assessnments directly from
these flux plots, | next divide the flux (displaced) by the flux (onaxis) for
each one GeV neutrino energy interval and display the quotient in figure 5a. A
dashed |ine has been drawn for a flux ratio of 1.0, which would be the result
if there were no change in the flux. It is now easy to pick out the |argest
fractional difference (in the interval 1 to 80 GeV), which occurs at 31 GeV. |
find it convenient to fit the two bins between 30 and 32 GeV with one paraneter
and save the result and its error in PAWvectors for further analysis. Note
that the horn 1 X shift by 4 nmhas nmade a -13. 0% change in neutrino flux at
31 GeV at the far detector. Figure 5b is a simlar graph for the center (ie,
at a radius of 0 in the transverse direction) of the near detector (500 m
beyond the end of the decay pipe). Here, the change is -27.0%at 30 GeV.



There has been sone hope that the spectra at both the far and near
detectors would be equally affected by beam el ement perturbations, and the
ratio of far/near flux would be |less sensitive than either spectra. |
therefore calculated RR, the ratio of these flux ratios:

FAR(di spl aced) / FAR( onaxi s)
RR =
NEAR( di spl aced) / NEAR( onaxi s)

This is shown in figure 5c. The peak deviation of +19.6%is at 30 GeV. Wile
sone energy ranges (1-13, 42-69 GeV) do indeed show snaller deviations in RR
than in FAR (top section figure 5a), RRis clearly worse in the sensitive
18-32 GeV range for an X shift of horn 1. These ranges do not change as the
size of the X shift is reduced.

Since the deviations found above are all mnuch | arger than our desired
limt of 2% PBEAM WMC was al so run for horn 1 X shifts of 1, 2, and 3 nm and
the resulting spectra anal yzed as above. The value of the flux ratio at the
far detector in the valley at 31 GeV is shown in figure 6a plotted agai nst the
horn 1 X shift in neters. The dashed line is our desired naxi mum devi ati on of
2%in the flux ratio. The fit to these data shows the flux ratio deviation is
proportional to the square of the horn X shift, and a horn shift of 1.6 nmm
gives a 2% deviation in the flux ratio. Figure 6b is a simlar fit at the
near detector position. An addition term in X shift to the fourth power, is
needed for a good fit and finds that a horn shift of 0.9 nmmgives a 2%
deviation in the flux ratio.

Beam el ement changes which break the azinuthal symretry of the VBB
such as this horn 1 X shift, should be neasurable in the near detector. The
lego plot in figure 7 gives the ratio of flux with a horn 1 X shift of 4 nmto
flux with horn 1 on axis for each of 21 bins along the x axis (ie, transverse
to the neutrino beamdirection) of the detector. The large effect at 27 GV
changes sign as you nove across the detector along the direction of the horn
shift. Such an azinmuthal asymetry should clearly identify a |arge
m sal i gnnment of a beam |ine el enent.

This anal ysis was al so done for a reduction of 10%in the magnetic
field in all three focussing horns and the results are shown in figure 8. The
main features in the flux ratios at the far and near detectors are dips just
above 30 and 90 GeV. Most neutrinos at the first dip come fromthe decay of
hi gh energy pi+; neutrinos at the second dip cone fromthe decay of high
energy K+. If the field in all three horns is increased 10% increases appear
at these two energies, indicating the nomnal field in the horns is not strong
enough to conpletely bend these highest energy nmesons parallel to the beam
axis. PBEAM WMC was also run for all horn fields shifted to -5, +5, and +10%
of nom nal, and the effect of these shifts on the region just above 30 GeV fit
with the results shown in figure 9. The dependence for field shifts is
approxi mately |inear.

In figure 8¢, RRis shown for the -10% shift of the field in al
horns. Except for a small range at 18 GeV, it is less sensitive to this shift
than the flux ratios at the far and near detectors.



4. Alignnment tolerances for the NuM Wde Band Neutrino Beam

Table | shows the results for a variety of shifts in beamline el enent
paranmeters. The first line gives the results for a horn 1 X shift of 4 mm the
anal ysis steps to obtain these were described in detail in the previous
section. The entries under "Effect" give the |argest percent change in flux in
a one GeV neutrino energy bin (between 1-80 GeV) cal cul ated by PBEAM WMC f or
the actual shift (in this case 4 mm) used in the run

"Allow' is the calculated shift that would result in a 2% fl ux change
inthis worst binif it were input into a PBEAMW/ run. In this exanple, it
was obtained by a fit to the results of four PBEAM WMC runs, using four
different horn 1 X shifts, as described in the previous section. For entries
wi thout the word fit, "allow' is interpolated fromthe "Effect” found in the
PBEAM WMC run, assuming a |inear dependence for the shifts in horn field or
beam si gma which maintain the azinuthal symetry of the beam and a quadratic
dependence for the asymetric translations and rotations. These dependences
were found to be rather good approximations in the fits described in the
previ ous section.

All but 3 entries in table | (horn 1 X, Horn 1,2 Angle) have |arger
al l owed shifts under RR, the FAR/ NEAR ratio of ratios, than under FAR In
particular, we can tolerate over twice as large a shift in the nmagnetic field
inall 3 horns if we look for neutrino oscillations in the FAR NEAR ratio
(ie, in RR) rather than the FAR detector al one.

Each entry in Table | uses the entire 2% fl ux change tol erance for the
shift shown, ie, all other beam!line el enent paraneters are assunmed to be at
nom nal values. Since it is likely that several paranmeters will be off-non na
at the sane tine, the shifts to give a 1% flux change are given in table Il
The neutrino energy of the one GeV interval with the largest flux change is
also given in table Il; these are all close to 30 GeV (range 24-35 GeV).
Referring back to the sign of the Effect in table I, we find that all the
shifts, except for an increase in beamw dth and the unlikely increase in horn
field, give flux dips in FAR and NEAR, and peaks in RR This neans that
effects from (alnost) all the various shifts will add linearly to produce a dip
near 30 GeV and it is worthwhile to take nmeasures to reduce each shift as nuch
as possi bl e.

The flux spectrumin the far detector as a function of the distance
fromthe center of the neutrino beamis shown in figure 10. The tol erance for
this shift is included in the tables. It is clear that accepting neutrinos
several hundred neters away fromthe beamaxis at the far detector to obtain
enough rate with a conventional nonte carlo programw |l induce errors in the
energy spectrum Use of the weighted nonte carlo schenme devel oped by R
M | burn [6] has avoided this problemin the data presented here.

Simlar data for the near detector 500 m beyond the end of the
decay pipe is shown in figure 11. At 0.25 mfromthe center of the beam there
are al nost 10% fewer events from 29 GeV nuon neutrinos than at the center



5. Concl usi ons

PBEAM with the addition of the weighted nonte carl o and inportance weighting,
provides a powerful tool to study the effects of shifts in the beamline

el ements of the NuM w de band neutrino beam

Beam+t arget and horn 1 X alignment will need to be done very carefully, but
shoul d be practical unless they vary with time or because of beam heating in
the target and the 170 kA current through the horn

Horn 1 angle and horn 2 & 3 alignnent should be readily achi evable

W will need to keep horn current constant to 0.4%during the pulse or nonitor
horn current and protons on target through out the pulse for every pul se and
then use this infornmation to calculate the muon neutrino energy spectra in the
near and far detectors.

This study indicates we should look for oscillations in the FAR  NEAR rati o
(RR), rather than in the far detector energy spectrum only.

If an oscillation dip is found in RR or the detector at about 30 GeV, we should
consider a confirmng run at a proton beam nomentum di fferent from 120 GeV/c
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Table |1

Shift of beamline el enent paranmeters which would give a 1% flux change in the
nost affected one GeV neitrino energy interval in the range 1 to 80 GeV. The
neutrino energy of this interval is also given. Two (or possibly nore) beam
line elements may have the shifts shown here w thout exceeding the 2% fl ux
change requirenent.

El enent Shift FAR Fl ux(x)/Fl ux(0) NEAR Flux(x)/Flux(0) RR=FAR/ NEAR Rati os
Shi ft Energy(CGeV) Shift Energy(CGeV) Shift Energy(GeV)

Horn 1 X 1.1mm 31 0. 6mm 30 0. 8mm 30

Horn 2 X 2.5 28 2.5 25 2.8 24

Horn 3 X 4.1 33 3.5 29 4.2 29

Horn 1 Angl e 1. 7mm 28 1. 1mm 31 1.3mm 31

Horn 2 Angle 2.8 28 2.3 34 2.2 34

Horn 3  Angle 4.0 34 4.8 34 5.2 30

BeamtTg UpStr 0.56mm 33 0. 47mm 31 0.66mm 30

BeamtTg X 0.81 31 0. 60 30 0. 85 30

BeamtTg Angle 0. 46 34 0. 43 32 0. 64 31

Far Det X 51 m 30

+500m X 0. 08m 29

Horn 123 Field 0.19% 33 0.16% 31 0.42% 30

Horn 1 Field 0. 48 35 0.41 32 0.74 31

Horn 2 Field 0.74 34 0.61 32 1.54 31

Horn 3 Field 0. 60 33 0.50 31 1.16 26

Beam #  Sigma 9. 4% 35 10. 5% 35 17. % 32

# Changi ng the beam wi dth changes the fraction of protons passing through the
target and hence the overall neutrino flux. Effects on this line are relative
to this new overall flux. See Notes at the end of Table |
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APPENDI X |

CGeneral PBEAM WMC | nput File
(for the standard "onaxis" run described in this note)

kkhkhkkhkhkkhkhkkhkkhkkkhkkkhkkkkk*k Flle StartS Wth the next Ilne EE R I b I S b b b I b I I
Data file NEUBM D8. DAT for program PBEAM WMC ** AJMBH
8 Segnent pencil carbon target, from pink book (cold)
TG&ZSTR* TGTLEN TGTRAD TGIDEN TGTANO TGIZNO TGNSEG TGLSEG TGIMIL
-1.60 1.56 0.002 1.81 12.0 6.0 8. 0.125 C
Vari abl es to specify decay region
DCYLEN DCYRAD1 DCYRAD2 DCYRAD3 DCYZDN1 DCYZDN2 DCYZDN3 ~ RLOSS
800. 0. 26 1.00 -1.00 43.63 800. 800. 0. 425
Variables to specify detector for detailed transverse grid histogram
DETECZ DETHWK DETHW DETTHK DETDEN
1300. 0.500 0.500 14.826 3.815
speci fy beam secondary min. nomentum sec./interaction, gen only spec Nu(1l-4)
PBM SI GBM ENEUMN Ml Gen  NuType

120. . 00089 0.5 7 1
Apply inmportance Weight up to hadron I ongitudinal nonentum of ~(I1w*PBM /400
Secondary Hadron Pl - Pl + K+ K- KO KOB
1=-2GeV(none), 400=PBM 300 300 300 300 300 300
Mul tiply generation by 1.0 1.0 4.0 1.0 0.125 .02
Vari abl es to specify horn
LHORN  ........ HRNFIL .............. HRNDEN HRNANO HRNRLN

T  HORN_AJM3H. DAT 2.70 27.0 24.01
Ofsets (mM at Up & Downstream ends of (Bean), Beam & Target, and Horn Pairs
X Upstr X Dnstr Y Upstr Y Dnstr

Beam *i nacti ve* 0.0 0.0 0.0 0.0
Beam & Tar get 0.0 0.0 0.0 0.0
Horn Pair 1 0. 0000 0. 0000 0.0 0.0
Horn Pair 2 0. 0000 0. 0000 0.0 0.0
Horn Pair 3 0. 0000 0. 0000 0. 0.

# of protons on target, control diagnostic printout, make Ntuple, Hi st select
NBM  NPDWVP LHPRNT LNTUPLE LHopts NHopts
5500000 0 F F TTFFFFF 2000000
kkkhkkhkkhkhkkhkkhkkhkkkhkkkkk*k Flle ends \Mth the prev' OUS Ilne ER I I I I S kb S I I

Not es:

Di mensions are in neters
RLOSS, DETTHK, DETDEN are inactive

Since DCYRAD3 is negative, the optional third cylinderical decay pipe
boundary is not used in this run

Mul gen secondary hadrons will be generated for each of the NBM protons which
interact in the target. The weights are adjusted to give the sane flux as
if the nultiplicity fromthe published data and 10 nmillion protons were used

If NuType is 1 (or 2,3,4), only nunu (nubmu, nue, nube) wll be generated
For any other value all four neutrino types will be generated.

The horn file (Appendix I1) uses two elenents to specify each of the 3 horns,
Ofsets are applied to each horn (pair of elenents).
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There are 7 logical (LHopts) and 7 one digit inputs to select the histograns
that will be generated. Energy spectra histograns at the 4 detector

positions are al ways produced. Currently, the only active choices are:

LHopt s(1) =T I nportance wei ght tuneup hists at Z=1300m (+500m)

LHopt s(2) =T 21 hists at Z=DETECZ from -DETHWK to +DETHWK

LHopt s(3) =T 441 hists at Z=DETECZ from - DETHWK to +DETHWK, -DETHW to +DETHW
For the last two options, NHopts(1l) nust be 0, unless you know the neutrino
distribution is symmetric in X and Y (use 2 to save tine), or Y only (use 1).

12



APPENDI X | |
Horn Input File
A B C D E F G H I J

*kkkkkkkkkkkkkkkk*k Flle Starts Wth the next Ilne *kkhkkhkkhkhkkhkkhkhdhkhkhkhkdkhkdkhkhkhkhkhhkkkk*k
6 HORN AJMBH. DAT  New AJM horn (thin) , but 170kA 5 Dec 95

0. 000 1.600 0.0290 0.0100 0.00200 0.00200 0.2500 0.2927 0.0340 170000.

1. 600 0.030 0.0100 0.0100 0.00300 0.00300 0.2500 0.0696 0.0340 170000.
7.900 2.500 0.1600 0.0200 0.00200 0.00200 0.2500 0.0170 0.0340 170000.
10. 400 0.030 0.0200 0.0200 0.00300 0.00300 0.2500 0.0696 0.0340 170000.
41.100 2.500 0.2358 0.0400 0.00200 0.00200 0.2500 0.2927 0.0340 170000.
43. 600 0.030 0.0400 0.0400 0.00300 0.00300 0.2500 0.1846 0.0340 170000.
kkhkkkkhkkhkkkkhkhkkkhkkhkkkkh*k*%x FI I e ends \Mth the prev' ous Ilne RS R Ok I I R O R I

Not es:
Di mensions are in nmeters
The 6 at the beginning of the first line is NHORNS =
Nurmber of horns or lips in this configuration

Par ameters for each horn (or lip):

ZUP Z coordinate of start of horn
ZLEN Length of horn

RUP  Radius at upstream end
RDN Radi us at downstream end

THKUP Wal | thickness at upstream end
THKDN Wal | thickness at downstream end

mm OO wW>»

RMAX Radi us beyond whi ch no tracking occurs
PPERP Pt Kick = 0.3 * B * ZLEN at MAX(RUP, RDN) ***| NACTI VE, not correct above

Io

BB mi0 * CURR/( 2. * pi)
CURR Current needed to produce PPERP ***| NACTI VE, but correct above

o -
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Number of v, Decays /1 GeV

Ratio
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N

ON AXIS, NEAR at +500m, Rpe=0

g Entries 8435084
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Fig. 2a, Number of Decays After Importance Weighting
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ON AXIS, NEAR at +500m, Rye=0, 130 minute DEC Alpha Run
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FLUX(Horn 1 +4mm X Shift)/FLUX(Horn 1 nominal)

RR (FAR/NEAR)
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HORN 1T +4mm X Shift, Fit Extreme Near 30 GeV Only
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FLUX(X) /FLUX(0)

FLUX(X)/FLUX(0)
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Fig. 6b, FLUX Ratio at 30 GeV at +500m, R=0 vs HORN 1 X Shift
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RR (FAR/NEAR)

0.8

0.6

0.4

0.8

0.6

0.4

0.8

All HORN FIELDS —10%, Fit Extreme Near 30 GeV Only

\\\‘\\\‘\\ML

AO 0.5455 £ 0.2285E-02
R A 4

O

10

20

30 40 50 60 /70 80 90 100

v, Energy (GeV)
Fig.8a, FLUX Ratio at FAR Detector

M AQ 0.4745+ 0.2736E-02

:— T . B anc e +++++++++Jr

:\ L1 ‘ I ‘ I T‘\ - ‘ I I ‘ I | ‘ I I ‘ I I ‘ I ‘ L1

0 10 20 30 40 50 60 70 80 90 100
v, Energy (GeV)

Fig.8b, FLUX Ratio, NEAR at +500m, Rper=0

= Fant AQ 1.315 & 0.865/E-02

- R L

L ++ ++1‘++ o ‘H»+ <~»

- : i

#+;;;;#;f,tt+,,llf ************* = R +4=Ftﬁ:'_ft+jw***********************‘\‘

7\ [ ‘ I B | ‘ I | ‘ | \+\ | ‘ I ‘ I I ‘ L ‘ I ‘ I | ‘ I B

0 10 20 30 40 50 60 70 30 90 100

v, Energy (GeV)
Fig.8c, RR, FAR/NEAR at +500m, Rye=0

21



FLUX(field shifted)/FLUX(nominal)

FLUX(field shifted)/FLUX(nominal)
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